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Abstract 
We determined the horizontal boundary of a watershed in the study area for numerical simulation, in order to 
facilitate the direct use of geothermal water. The geothermal gradient of the research well is about 30.0 C /km and 
the measured temperature is 91 C at a depth of 2000 m. The initial water table is located at 360 m depth and 32.6 m 
drawdown was observed when the pumping rate was 400 m3/day over 55 hours. Coupled fluid and heat transport 
simulations were conducted using the data of hydraulic tests and well inventory. In order to test the numerical model 
we used several pumping rates and a recharge rate. Simulated water levels at layers of the numerical model were 
evaluated from the hydrogeologic data of the study area.  
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1. Introduction 
     The study area shows higher heat flow compared to other areas in South Korea, and many geothermal 
wells are developed mainly for spa business. The geothermal fluid is regarded as important energy source 
and economic property. We conducted hydrogeological survey and numerical simulations to evaluate the 
potential of the thermal resources. From coupled heat and fluid transport simulation a watershed scale 
numerical model can be developed for the low temperature geothermal area. 
1.1. Geological description 
     The geology of the southeastern part of the Korean peninsula (Fig. 1) can be summarized as 
Cretaceous shale and sandstone, Tertiary rhyolite, tuff, shale, and Quaternary unconsolidated mudstone 
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and alluvium. Four geothermal wells with depth from 1000 to 2400 m were drilled for geothermal 
development. The geology in the drilled area is consisted of several rock units: unconsolidated from 
surface to 352 m, alternating zone of tuff and mudstone from 352 to 525 m, sandstone and rhyolite from 
525 to 1300 m, and basalt from 1400 to 2200 m in depth. 
 
 
Fig. 1. Geological map of the study area and sampling locations for thermal conductivity measurements on rocks 
(after KIGAM, 2008). 
1.2. Geothermal and hydrogeological characteristics 
      Table 1 represents the thermal properties of core samples from two wells. The geothermal gradient of 
the well BH-4 is about 30.0 C /km and the measured temperature in BH-4 is 91 C at the depth of 2000 
m (Fig. 2 left). Abrupt changes of geothermal gradient occur at the locations where casing diameter 
changes in the borehole, which is likely to be due to water circulation in the borehole.  
 
Table 1. The mean and the range of thermal properties measured on core samples from the borehole BH-1 and BH-4 
(after [1] ). 
Well The number of samples 
Density 
(g/cm3) 
Average 
range 
Porosity 
(%) 
Average 
range 
Thermal diffusivity 
(mm2/sec) 
Average 
range 
Specific heat 
(J/gK) 
Average 
range 
Thermal 
conductivity 
(W/m-K) 
: Dry 
range 
Thermal 
conductivity 
 (W/m-k) 
: in-situ 
range 
BH-1 14 
2.42 
2.192.63  
6.28 
318.7 
1.27 
0.7421.599 
0.915 
0.8700.984 1.593.52 2.164.05 
BH-4 50 
2.63 
2.392.85 
3.37 
0.3110.2 
1.19 
0.9251.547 
0.821 
0.7630.892 
1.873.30 2.243.57 
 
      We performed step drawdown and long term pumping tests in BH-2 that has initial water table at 360 
m deep. 32.6 m drawdown was observed when the pumping rate is 400 m3/day during 55 hours and the 
transmissivity is measured to be 15 m2/day. At the end of the pumping period the water temperature and 
EC is conserved to 51 C and 4,000 μS/cm. pH ranges from 7.6 ~ 7.8 and the seasonal variation of the 
ground water level is small. Well inventory was conducted to collect the well information on wells with 
less than 300 m in depth (Fig. 2 right).  
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                                                                  (a)                                                                          (b) 
Fig. 2. Temperature-depth profile in BH- 4 and measured groundwater levels versus elevation from the well 
inventory of the study area.  
1.3. Numerical simulation 
      Coupled fluid and heat transport simulations can produce thermal distribution as well as ground water 
potential of the area. We determined horizontal boundary along watershed of the area (Fig. 3) and applied 
measured hydrogeological and geothermal data for model parameters (Table 2). TDS ranges from 100 ~ 
600 mg/L in shallow and intermediate depth wells, to 2000 ~ 5000 mg/L in deep wells. The watershed 
scale model includes stream, pumping rate, recharge rate, well data and so on, therefore the water budget 
can be estimated.  
 
      
                                  (a)                                                                       (b) 
Fig. 3. Determination of watershed boundary (a) and initial temperature distribution (b) for the simulation area.  
 
      In order to optimize input parameters repeated simulations were performed in steady state and 
transient flow state. We predicted ground water tables when the pumping of 1000 m3/d between 1500 to 
2400 m depth for 1 year was assumed in a geothermal well (Fig. 4). The pumped layers 6, 7 and 8 shows 
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water levels of 194.4, 200.3 and 227.5 m respectively. We are new conducting coupled fluid and thermal 
modeling to analyze and evaluate the regional scale hydro-geothermal model of the study area.  
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Fig. 4. Estimated groundwater levels at layer 2 (a), 4 (b), 6 (c), 8 (d) after 365 days of 1000 m3/day pumping at BH-4 
borehole. 
 
 The general ground water of the area has Na-HCO3 and Na-Cl types, and the ratios of Cl- and HCO3- shows that 
the ground water of this area is not affected from the seawater. In addition, geochemical isotope analysis for the 
recharging status and the origin of ground water were performed. The ratios of δ18O and δD indicate that the shallow, 
middle and deep ground water is originated from precipitation.  The ranges of δ18O and δD are -10.2 ~ -10.3 ‰ 
(δ18O), -67.4-64.4 ‰ (δD) in deep ground water samples and -6.8-9.1 ‰ (δ18O), -48.1-59.6 ‰ (δD) in shallow 
ground water samples. The result represents the apparent difference on the recharged status according to the depth of 
ground water. The results of geochemical analysis were used to compensate the numerical model.  
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